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@ Printing head for Ink jet printer. 

© A printing head for an ink jet printer comprising a first 
plate 11 having a cavity 11a formed by etching and whose 
wail serves as the flexible wall deforming in response to an 
external signal, and a second plate 12 disposed opposite the 
first plate 1 so as to make the cavity to form a projection 
chamber 13. Projection chambers each having flexible walls 
deforming in response to an external signal maybe disposed 
on both sides of a second plate. 
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PRINTING HEAD FOR INK JET 
PRINTER 



This invention relates to a printing 'head for an ink jet 
printer, and more particularly to a printing head for a drop 
on-demand type ink jet printer. 

Ink jet printers can be broadly classified into a drop 
on-demand type which jets ink droplets whenever necessary and 
a continuous type which jets the ink droplets constantly. 
The continuous type printer requires a high voltage power 
source on the order of kilo-volts to deflect the ink droplets 
while constantly jetting the ink. The printer also refreshes 
unnecessary ink so that an ink circulating mechanism has a 
complicated construction. These altogether increase the size 
of the printer. In comparison with the continuous type, the 
drop on-demand type printer can be constructed smaller and 
can jet the ink droplets at a lower voltage (e.g. about 100 V) 
Moreover, the drop on-demand printer does not need the _ ink 
'Circulating mechanism because the ink is jetted only when 
necessary, thus making it possible to simplify the ink feed 
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mechanism and reduce the size of the printer. 

It is believed, however, that the drop on-demand is dis- 
advantageous in comparison with the continuous type because 
it has lower resolution and speed performance. Its driving 
frequency is generally lower than that of the continuous 
type. For these reasons, a plurality of ink projection 
chambers are arranged in this drop on-demand type ink jet 
printer so as to realize a jet head having a multi-nozzle 
arrangement and to improve the speed performance of the ink 
jet printer. However, since the nozzles are disposed merely 
plane-wise in the conventional multi-nozzle ink jet head, • 
the nozzle pitch (or nozzle gap) can not be made sufficiently 
small and hence, sufficient resolution can not be attained. 

In order to solve these problems and to enable printing 
with high resolution, the following two methods (i) and (ii) 
have been put to practical use: 

(i) After printing the recording paper is deviated by a 
half pitch, for example, and printed again. 

(ii) Printing heads having the same shape are arranged 
deviated from one another. 

However, the ink jet printer using the first method (i) 
has the critical problem in that the printing speed is ex- 
tremely reduced, and the printer using the second method 
(ii) has the problem that the cost of production of the 
printing heads and their associated components (such as the 
ink feed passages) becomes higher in proportion to the number 
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of printing heads, increasing the cost oi production of the 
printer as a whole. 

Figure 1 is a sectional view showing the construction 
of the conventional printing head in the drop on-demand type 
ink jet printer. Reference numeral 1 represents a first 
plate having a cavity la formed thereon. A second plate 2 
which is a flexible wall, is disposed on the cavity la and 
defines a projection chamber 3 together with the cavity la. 
The ink is fully charged into the projection chamber 3. 
A piezoelectric crystal 4 is bonded to the second plate 2, 
and deforms the flexible second plate 2 in response to an 
external signal, reducing the volume of the projection 
chamber and jetting the ink therein out through a nozzle 5. 
In order to function as a flexible wall, the second plate 
2 must be as thin as on the order of several hundreds of 
microns and since the accuracy of finishing the thickness 
is closely related with the speed of the ink droplets, the 
threshold frequency and stability, the error in thickness 
must generally be as high as within 10 um. Hence, it has 
conventionally been finished by lapping. 

On the other hand, in order to realize a multi-nozzle 
printing head, the number of projection chambers must' be in- 
creased or the area of the second plate 2 must be increased. 
However, it is practically difficult to finish a wide second 
plate 2 with a high level of accuracy because the second 
plate is likely to be damaged during lapping. Even if 
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finishing were possible, the number of operations, including 
checking the thickness, would increase remarkably, thereby 
encountering again the problem of the production cost. 
Still another problem occurs in post-processing after finish- 
ing such as in cleaning because the second plate is easily 
broken when it is cleaned by ultrasonic cleaning, for example. 
For this reason, the ink jet head of this construction can 
not substantially permit the multi-nozzle arrangement suf- 
fucient to provide high resolution. 

In view of the background described above, the present 
invention is directed to provide a printing head for an ink* 
jet printer which can easily be constructed in a multi-nozzle 
arrangement and can be produced economically. 

The construction which accomplishes this object of the 
present invention comprises a first plate having a cavity 
formed by etching and whose wall serves as the flexible wall 
deforming in response to an external signal, and a second 
plate disposed opposite the first plate so as to make the 
cavity to form a projection chamber. 

It is another object of the present invention to provide 
a jet head which enables high speed printing with high reso- 
lution and which can be produced at a reduced cost. 
The construction to accomplish this object of the present 
invention is characterized in that projection chambers each 
having flexible walls deforming in response to an external 
signal are disposed on both sides of a second plate. 
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These and other objects and features of the present 
invention will become more apparent from the following des- 
cription to be taken in conjunction with the accompanying 
drawings* 

Figure 1 is a sectional view showing the drop on-demand 
type printing head of the prior art; 

figure 2 is a sectional view showing a printing head in 
accordance with an embodiment of the present invention. 

Figures 3 through 6 show a printing head in adcordance 
with another embodiment of the present invention, in which: 

Figure 3 is a sectional view; 

Figure 4 is a plane view showing the appearance of the 
first plate; 

Figure 5 is a sectional view taken along line A-A of 
Figure 4; and 

Figure 6 is a plane view showing the appearance of the 
second plate; 

Figure 7 is a sectional view showing a printing head 
in accordance with still another embodiment of the present 
invention; 

Figure 8 is a sectional view showing a printing head 
in accordance with still another embodiment of the present 
invention; 

Figure 9 is a plane view of the second plate; 

Figure 10 is a bottom view of one of the first plates; 

Figure 11 is a plane view of the first plate of Figure 10; 
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Figure 12 is a sectional view taken along line A* -A* 
of Figure 10; 

Figure 13 is a plane view of the other first plate; 

Figure 14 is a sectional view taken along line B-B of 
Figure 13; 

Figure 15 shows the arrangement of nozzles of the 
embodiment shown in Figure 8 as viewed from the direction 
of arrow C; and 

Fiugre 16 shows the arrangement of nozzles in still 
another embodiment of the present invention. 

« 

Figure 2 is a sectional view showing the printing head 
in accordance with an embodiment of the present invention, 
in which reference numeral 11 represents a first plate and 
reference numeral 12 represents a second plate which is 
disposed so as to oppose the first plate 11. A cavity 11a 
is formed by etching on the first plate 11 and its reduced 
thickness portion forms a flexible wall lib. The surface of 
the second plate 12 and the inner surface of the cavity 11a 
together form a projection chamber 13 which receives ink 
16 fed from an ink reservoir chamber 14 through a conduit 
15, Reference numeral 17 represents a piezoelectric crystal 
bonded to the flexible wall lib of the first plate 11 and 
driven by a pulse generator 18 which delivers electric 
pulses in accordance with recorded data. Reference numeral 
19 represents a nozzle for jetting the ink 16 inside the 
projection chamber 13 out. The tip of the nozzle has an 
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orifice 20. A plurality of nozzles 19, orifices 20 and 
projection chambers 13 are disposed in the direction perpen- 
dicular to the drawing. 

The projection chamber 13 of the printing head as well 
as the nozzle 19 thus constructed are filled with ink 16 
supplied from the ink reservoir chamber 14 through the con- 
duit 15. When an electric pulse causing inward deformation 
of the piezoelectric crystal 17 is applied, the flexible 
wall lib also undergoes inward deformation so that the 
volume of the projection chamber 13 rapidly decreases and 
a part of the ink 16 inside the projection chamber 13 is 
jetted at a high speed out through the nozzle 19 and orifice 
20. The other part of the ink returns to the ink reservoir 
chamber 14 through the conduit 15. The ink that has been 
jetted out through nozzle 19 and orifice 20 turns into 
spherical ink droplets due to the surface tension after jet- 
ting.. The diameter of the ink droplet is determined by the 
diameter of the orifice 20, the voltage level of the electric 
pulse, its rise time constant and its width. The volume of 
. the projection chamber 13 returns to its original state 
after the passage of time corresponding to the pulse width 
of the electric pulse, and when the volume returns to its 
original state the projection chamber 13 receives the ink 
16 fed from the ink reservoir chamber 14. 

Figure 3 is a sectional view which shows another embodi- 
ment of the present invention, which is different from the 
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embodiment shown in Figure 2 in that it has a pressure ab- 
sorbing chamber. In Figure 3, reference numerals 21 and 

22 represent the first plate and the second plate opposing 
the first plate 21, respectively. Figure 4 shows: a cavity 

23 for forming the pressure absorbing chamber, projection 
chamber-forming cavities (apertures ) 24 (twelve cavities 
24-1, 24-2 , 24-12 are shown in the drawing) connected 
with the cavity 23, nozzle-forming cavities 25 (twelve 
cavities 25-1, 25-2, 25-12 are shown in the drawing), 
radial cavities 26 for connecting the projection chamber- 
forming cavities 24 with the nozzle-forming cavities 25 
(twelve radial cavities 26-1, 26-2, 26-12 are shown in 
the drawing), an ink inflow port 27, an elongated cavities 
28 for guiding the ink to the cavity 23 and an assembly jig 
hole 29, all formed by etching on the first plate 21. The 
reduced thickness portions at the bottom of the projection 
chamber-forming cavities 24 form flexible walls 30 (corres- 
ponding to the cavities 24 and represented by reference 
numerals 30-1, 30-2, . 30-12). Figure 6 shows the second 
plate 22, in which are formed an aperture 31 for forming 
the pressure absorbing chamber, an ink inflow port 32 and 

an assembly jig hole 33. 

Both first and second plates 21, 22 are made of photo- 
sensitive glass such as "Photoceram" , the trade name of a 
product of Corning Glass Co., U.S., for example. When a 
predetermined pattern is exposed with ultraviolet rays on 
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the photoceram plate and then heat-developed, the exposed 
portion is crystallized while the rest remains vitreous. 
The photoceram plate thus exposed and developed is dipped in 
a hydrogen fluoride solution and the crystallized portion is 
deeply etched. Speaking more accurately, the vitreous por- 
tion is also etched by the hydrogen fluoride solution but 
the degree of etching is about 1/50 that of the crystallized 
portion and is substantially negligible. Photoceram plates 
thus etched are used for both of the first and second plates 

21, 22. The first and second plates 21, 22 are bonded by a 
thermal bonding (or interfusion) technique. In this tech- 
nique, the joint surfaces are accurately polished and brought 
into intimate contact. The surfaces are kept under such a 
state at a high temperature (at 800° C or above in the case 

of photoceram) for several hours so as to bond them together 
by means of the molecular force between them. When the 
plates are bonded, twelve each. of projection chambers 34 
(34-1, 34-2, 34-12) and nozzles 35 (35-1, 35-2, 

35-12) are formed between them. The pressure absorbing 
chamber 36 for absorbing the pressure which is transmitted 
to the ink reservoir chamber when the ink droplets are 
jetted is formed close to the center of the plates 21 and 

22. A flexible cover 37 covers the opening of this pressure 
absorbing chamber 36. 

Reference numeral 38 represents twelve (38-1, 38-2, 
38-12) piezoelectric crystals that are bonded to the 
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flexible walls 30 of the first plate 21 and reference numeral 
39 represents a connector for receiving the feed of the ink. 

The operation of the printing head thus constructed is 
the same as that of the embodiment shown in Figure 2. 
Among the twelve piezoelectric crystals 38, one (assumed 
hereby to be 38-1) receives an electric pulse causing the 
flexible wall 30-1 to which it is bonded to deform inward 
and rapidly decrease the volume of the projection chamber 
34-1 so that the ink therein jets out via the nozzle 35-1. 
During this operation part of the ink moves in the direction 
opposite the nozzle 35-1. In this embodiment, however, the* 
volume of the pressure absorbing chamber 36 temporarily 
increases and absorbs the rise of the liquid pressure, so 
the ink droplets are not jetted by nozzles other than the 
nozzle 35-1. 

As described above, the cavities are formed by etching 
on the first plate and the walls of the cavities are used 
as the flexible walls in the present invention. Hence, a 
suitable thickness can be selected for both first and second 
plates without any problem of accuracy of finishing. In 
other words, the present invention makes it possible to 
select the thickness of both the first and second plates 
irrespective of the thickness of the flexible walls and 
hence, to use the first and second plates having a greater 
surface area. This makes it possible to realize a printing 
head having a multi-nozzle construction. Moreover, since 
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the cavities can be shaped by etching and may be disposed 
so as to merely oppose the plates, the printing head can be 
produced economically. 

Figure 7 is a sectional view of the printing head in 
accordance with still another embodiment of the present 
invention. In this drawing reference numeral 41 represents 
a second plate and reference numerals 42 and 43 represent 
first plates disposed on both sides of the second plate 41. 
Cavities 42a and 43a are formed on both first plates 42, 

43, respectively, and their reduced thickness portions serves 
as flexible walls 42b and 43b, respectively, • 
Projection chambers 44, 45 are formed between the surfaces 

of the second plate 41 and the inner surfaces of the cavi- 
ties 42a, 43a, respectively, and receive ink 16 fed from 
ink reservoir chamber 14 through conduit 15. Reference 
numerals 49 and 50 represent piezoelectric crystals that 
are bonded to the flexible walls 42b, 43b of the first 
plates 42, 43 and are driven by the pulse generator 18 which 
delivers the electric pulses in accordance with recorded 
data. Reference numerals 52 and 53 represent the nozzles 
for jetting and the ink 16 inside the projection chambers 

44, 45. Orifices 54, 55 are formed at the tips of the 
nozzles 52, 53, respectively, A plurality of nozzles 52, 
53, orifices 54, 55 and projection chambers 44, 45 are dis- 
posed in the direction perpendicular to the drawing. 

The projection chambers 44, 45 and nozzles 52, 53 of 
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the printing head thus constructed are filled up with the 
ink 16 supplied from ink reservoir chamber 14 through conduit 
15. Accordingly, when an electric pulse causing inward de- 
formation of the piezoelectric crystal is applied to a 
specific piezoelectric crystal, such as the piezoelectric 
crystal 49 for example, the flexible wall 42b also undergoes 
inward deformation so that the volume of the projection 
chamber 44 is rapidly reduced and a part of the ink 16 there- 
in jets out at high speed through the nozzle 52 and the orifice 
54. In the other direction, the other part returns to the 
ink reservoir chamber 14 through the conduit 15. The ink • 
jetted outside through the nozzle 52 and the orifice 54 
turns into spherical ink droplets due to the surface tension 
immediately after being jetted. The diameter of the ink 
droplet is determined by the inner diameter of the orifice 
54, the voltage of the electric pulse, and its rise time 
constant and pulse width. The volume of the projection 
chamber 44 returns to its original state after the passage 
of a time corresponding to the pulse width of the electric 
pulse, and when the volume returns to the original state, 
the projection chamber 44 receives ink 16 fed from the ink 
reservoir chamber 14. 

Figure 8 is a sectional view showing still another 
embodiment of the present invention. This embodiment is 
different from the one shown in Figure 7 in that it has the 
pressure absorbing chamber 57. An aperture 64 for forming 
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the pressure absorbing chamber,, a round hole 65 for forming 
an ink inflow port, an elongated hole 66 for guiding the 
ink to the aperture 64 for forming the pressure absorbing 
chamber and an assembly jig hole 67 are formed on the second 
plate 41, as depicted in Figure 9. An aperture 68 for form- 
ing the pressure absorbing chamber, cavities 69 (grooves) 
for forming the projection chambers connected with this 
aperture 68 (twelve cavities 69-1, 69-2, . .., 69-12 are 
shown in the drawing), nozzle-forming cavities 70 (twelve 
cavities .70-1, 70-2, 70-12 are shown in the drawing), 

radial cavities 71 (twelve cavities 71-1, 71-2, 71-12 
are shown in the drawing) connecting the projection chamber- 
forming cavities 69 with the nozzle-forming cavities 70, 
an ink inflow port 72 and an assembly jig hole 73 are formed 
on the first plate 42 as shown in Figure 10. As is obvious 
from Figure 11, which is a plane view, the aperture 68 for 
forming the pressure absorbing chamber, the ink inflow port 
hole 72 and the assembly jig hole 73 penetrate the plate 42 
through its back. The reduced thickness portions of the 
projection chamber forming cavities 69 form flexible walls 
74 (corresponding to the cavities 69 and represented by 
74-1, 74-2, . .., 74-12). 

The first plate 43 has substantially the same shape and 
construction as the other first plate 42. As shown in Figure 
13 formed in first plate 43 are: a cavity 75 for forming the 
pressure absorbing chamber, projection chamber-forming cavities 
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76 (twelve cavities 76-1, 76-2, . .., 76-12 are shown in the 
drawing) connected with the cavity 75, nozzle-forming cavities 

77 (twelve cavities 77-1, 77-2, . .., 77-12 are shown in the 
drawing), radial cavities 78 (twelve cavities 78-1, 78-2, 
78-12 are shown in the drawing) for connecting the projection 
chamber-forming cavities 76 with the nozzle-forming cavities 
77, an ink inflow port 79 and an assembly jig hole 80. 

As shown in Figure 14, the reduced thickness portions at the 
bottom of the projection chamber-forming cavities 76 form 
flexible walls 81 (corresponding to the cavities 76 and re- 
presented by 81-1, 81-2, . .., 81-12). 

The second plate 41 and the first plates 42, 43 are 
made of photosensitive glass such as "Photoceram" , the trade 
name of a product of Corning Glass Co,, U.S., for example. 

The thus etched photoceram plate is used for both 
second and first plates 41, 42, 43. The second plate 41 is 
bonded to the first plates 42, 43 by a bonding technique 
called "thermal bonding" (or "interfusion"). Upon bonding, 
twelve each of projection chambers 82 (82-1, 82-2, 
82-12) and nozzles 83 (83-1, 83-2, 83-12) are formed 

on one side of the second plate 41 and twelve each of 
projection chambers 84 (84-1, 84-2, 84-12) and nozzles 

85 (85-1, 85-2, 85-12) are formed on the other side. 

Figure 15 shows the arrangement of the nozzles 83 and 85 
thus aligned. 

The pressure absorbing chamber 57 for absorbing the 
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pressure which is transmitted to the ink reservoir chamber 
at the time of jetting of the ink droplets is formed close 
to the center of the plates 41, 42, 43. A flexible film 
87 covers the opening of the pressure absorbing chamber 57. 

Rerefence numerals 88 and 89 represent twenty-four 
piezoelectric crystals (88-1, 88-2 , . .., 88-12 and 89-1, 
89-2, . .., 89-12) that are bonded to the flexible walls 74 
and 81 of the first plates 42 and 43, respectively. 
Reference numeral 90 represents a connector for receiving 
the feed of ink. 

The operation of the printing head constructed as des- - 
cribed above is the same as that of the embodiment shown in 
Figure 7. Among the twenty-four piezoelectric crystals 88, 
89, one (hereinafter assumed to be the piezoelectric crystal 
89-1) receives an electric pulse and deforms the flexible 
wall 74-1 to which it is bonded inward, drastically reducing 
the volume of the projection chamber 82-1 having the flexible 
wall 74-1, and thereby jetting the ink inside the chamber 
out through the nozzle 83-1. During this operation, a part 
of the ink moves in the direction opposite the nozzle 83-1. 
In the case of this embodiment, however, since the volume 
of the pressure absorbing chamber 57 temporarily increases 
and absorbs the liquid pressure rise, the ink droplets are 
not jetted from nozzles other than the nozzle 83-1. 

Incidentally, it is possible to dispose the nozzles 83, 
85 in a zigzag arrangement by deviating them a distance 
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corresponding to a half pitch of the nozzles shown in Figure 
16. In such arrangement, the pitch of the entire nozzles 83, 
85 becomes a half of the pitch (d) of the nozzles 83 or 85. 

As described above, this embodiment employs the funda- 
mental construction that projection chambers having flexible 
walls which deform in response to external signals are formed 
on both sides of the second plate. In accordance with the 
present invention, a printing head having an extremely simpli- 
fied construction can be realized. The printing head can be 
produced easily and economically especially by forming the 
cavities having flexible walls on first plates and interposing 
the second plate between these first plates, or by forming the 
cavities by etching. As shown in Figures 15 and 16, the 
present invention makes it possible to arrange the nozzles 
with a high density and to realize high speed printing with 
high resolution. The arrangement shown in Figure 15 realizes 
high speed while the arrangement shown in Figure 16 realizes 
high resolution. 
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CLAIMS 

1. A printing head for an ink jet printer characterized 
by including a first plate having cavities formed therein by 
etching and a second plate, wherein the walls of said cavities 
serve as flexible walls deformable in response to external 
signals and said second plate is disposed to oppose said 
first plate so that said cavities form projection chambers. 

2. A printing head for an ink jet printer characterized 
in that projection chambers having flexible walls deformable 
in response to external signals are formed on both sides of 

a plate. 

3. The printing head for an ink jet printer as defined 
in claim 2, wherein first plates equipped with cavities 
having flexible walls are disposed on both sides of said 
plate so that said cavities face said plate and form said 
projection chambers. 

4. The priting head for an ink jet printer as defined 
in claim 3, wherein said cavities are formed by etching 
and a part of each cavity is used as said flexible wall. 

5. The printing head for an ink jet printer as defined 
in claim 2, 3 or 4, wherein nozzles connected with said 
projection chambers are disposed in a zigzag arrangement 
interposing said plate between them. 
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6. The printing head for an ink jet printer as defined 
in claim 5, wherein said nozzles deviate a distance corres- 
ponding to a half pitch of the nozzles. 

7. The printing head for an ink jet printer as defined 
in claim 2, 3 or 4, wherein nozzles connected with said 
projection chambers are disposed in line with arrangement 
interposing said plate between them. 
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